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Specification 

1 . Title of the invention 

Acrylic pressure-sensitive adhesive composition 

2. Claim of the invention 

1. An acrylic pressure-sensitive adhesive composition containing an acrylic resin and 
aziridine compound, wherein the above-mentioned acrylic resin is a copolymer mainly 
comprising an alkyl acrylate and a vinyl compound having a functional group, and the acrylic 
pressure-sensitive adhesive composition is characterized by the fact that the above-mentioned 
aziridine compound is a compound containing at least two of the aziridine groups shown in 
general formula (I). 

-q- (r, 

(Wherein, R is either -H or an alkyl group with 1-4 carbon atoms, and the hydrogen atom is not 
directly bonded to atoms other than the aziridine ring carbon adjacent to the N atom of the above- 
mentioned aziridine group.) 
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3. Detailed description of the invention 
[Field of industrial application] 

The present invention pertains to a composition capable of forming an acrylic pressure- 
sensitive adhesive suitable for labels, tapes, and sheets. The invention further pertains to a 
composition capable of forming an acrylic pressure-sensitive adhesive having excellent hot water 
resistance and wet heat resistance. 
[Prior art] 

Conventional natural rubbers and synthetic rubbers are being replaced with acrylic 
pressure-sensitive adhesives having high adhesion, weather resistance, wear resistance, etc. In 
general, acrylic pressure-sensitive adhesives exhibit high adhesion but cohesion is poor, and 
shear strength is insufficient. When labels and sheets are produced with the above-mentioned 
pressure-sensitive adhesives, bleeding of the pressure-sensitive adhesive from the edges of the 
labels or sheets poses a problem since die-cut quality is poor. 

In order to eliminate the above-mentioned disadvantages, a method where a crosslinking 
agent such as a melamine compound, isocyanate compound, metal ion, or epoxy compound are 
mixed and crosslinking is carried out to increase the cohesion has been proposed. 

[P- 2] 

Among the above-mentioned crosslinking agents, in general, melamine compounds and 
epoxy compounds lack reactivity, thus, a high temperature and long reaction time are required for 
the crosslinking reaction. As a consequence, productivity is low. When a metal ion is used as a 
crosslinking agent, the cohesion of the pressure-sensitive adhesive produced is not adequate at 
high temperatures. When an isocyanate compound is used as a crosslinking agent, the isocyanate 
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compound is likely to be affected by moisture, thus, the degree of crosslinking becomes 

insufficient and stability of the adhesive properties of the pressure-sensitive adhesive produced is 
reduced. 

For crosslinking by an agent other than those listed above, use of an aziridine compound 
as a crosslinking agent for acrylic resins has been proposed. When an aziridine compound is 
used, productivity can be increased since the crosslinking reaction can be achieved in a short time 
at a low temperature. The pressure-sensitive adhesive produced exhibits high cohesion at high 
temperatures, and is less likely to be affected by moisture, and adhesive characteristics remain 
stable. Thus, an increase in viscosity or gelation during storage of the adhesive is absent. 
However, tapes and labels made with the above-mentioned pressure-sensitive adhesive lack hot 
water resistance and wet heat resistance, and when stored at high temperatures and high 
humidities, a reduction in adhesive properties is observed. 
[Problems to be solved by the invention] 

The present invention is to eliminate the above-mentioned disadvantages, and the purpose 
of the present invention is to produce an adhesive composition capable of forming an acrylic 
pressure-sensitive adhesive having excellent adhesive properties as well as excellent hot water 
resistance and wet heat resistance. 
[Means to solve the problem] 

The present invention is an acrylic pressure-sensitive adhesive composition characterized 
by the fact that the above-mentioned aziridine compound is a compound having at least two of 
the aziridine groups shown in general formula (I) 



-5- 



KOKAI PATENT APPLICATION NO. HEI 3-281586 



(Wherein, R is either -H or an alkyl group with 1-4 carbon atoms, and the hydrogen atom is not 
directly bonded with atoms other than an aziridine ring carbon adjacent to the N atom of the 
above-mentioned aziridine group) in an acrylic pressure-sensitive adhesive composition 
containing an acrylic resin and aziridine compound, and the above-mentioned acrylic resin is a 
copolymer mainly comprising an alkyl acrylate and a vinyl compound having a functional group. 

In the acrylic pressure-sensitive adhesive composition of the present invention, in general, 
the acrylic resin is produced by copolymerization of an alkyl acrylate having an alkyl group with 
4-12 carbon atoms and a vinyl compound having a functional group. 

For examples of the above-mentioned alkyl acrylate, butyl acrylate, isobutyl acrylate, 
hexyl acrylate, 2-ethyl hexyl acrylate, nonyl acrylate, octyl acrylate, lauryl acrylate, etc. can be 
mentioned. Furthermore, in addition to the above-mentioned alkyl acrylates, methyl acrylate, 
ethyl acrylate, isopropyl acrylate, methyl methacrylate, ethyl methacrylate, 2-ethyl hexyl 
(meth)acrylate, stearyl acrylate, stearyl methacrylate, etc. can be added as needed. Furthermore, 
vinyl monomers such as styrene, a-methyl styrene, and vinyl acetate can be copolymerized. In 
general, the mixing ratio of the above-mentioned alkyl acrylate having an alkyl group with 4-12 
carbon atoms is in a range of 50-99.9 wt% for the total monomer that structures the acrylic resin. 
In the case when the mixing ratio of the alkyl acrylate is 50 wt% or below, the adhesive force of 
the acrylic resin is not adequate. 
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For the vinyl compound having the above-mentioned functional group, monomers 
containing a carboxylic acid such as acrylic acid, methacrylic acid, itaconic acid, fumaric acid, 
and maleic acid, monomers containing a hydroxyl group such as 2-hydroxy ethyl methacrylate, 2- 
hydroxy ethyl acrylate and 2-hydroxy butyl methacrylate, acrylic amide, methacrylic amide, N- 
methylol acryl amide, acrylonitrile, etc. can be mentioned. The vinyl compound containing a 
functional group is included at a mixing ratio of 0.1-15 wt% for the total monomer that 
comprises the acrylic resin. 

[p-3] 

The acrylic resin included in the composition of the present invention is produced by 
solution polymerization of the above-mentioned alkyl acrylate, vinyl compound containing a 
functional group and other optional monomers in an appropriate solvent. Each of the above- 
mentioned alkyl acrylate, vinyl compound, and other monomers can be used independently or in 
combination. 

The aziridine compound used in the present invention is a compound having at least two 
aziridine groups shown in general formula (I) in the molecule. 



R 

( I ) 



Wherein, R is either -H or an alkyl group with 1-4 carbon atoms, and the hydrogen atom 
is not directly bonded with atoms other than an aziridine ring carbon adjacent to the N atom of 
the above-mentioned aziridine group. The above-mentioned alkyl group may be a straight-chain 
or branched-chain. 
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For the above-mentioned compounds, N,N'-hexamethylene-l,6-bis(l- aziridine 
carboxyamide), N,N'-diphenyl methane-4,4'-bis(l- aziridine carboxyamide), N,N'-toluene-2,4- 
bis(l- aziridine carboxyamide), Methylene melamine, bisisophthaloyl-l-(2-methyl aziridine), etc. 
can be mentioned. When aziridine compounds other than those listed above, for example, 
aziridine compounds where a hydrogen atom is directly bonded with the atom adjacent to the N 
atom of the aziridine group, for example, trimethylol propane-tri-P-azilidinyl propionate, 
tetramethylol methane-tri-P-azilidinyl propionate, trimethylol propane-tri-P-(2-methyl 
aziridine)propionate, etc. are used, a significant reduction is observed in hot water resistance and 
wet heat resistance of the adhesive produced. It is desirable when the mixing ratio of the above- 
mentioned aziridine compound is in the range of 0.001-1 parts by weight for 100 parts by weight 
of the above-mentioned acrylic resin. When the mixing ratio of the aziridine compound is 0.001 
parts by weight or below, effect of the crosslinking becomes inadequate; on the other hand, when 
the above-mentioned mixing ratio exceeds 1 part by weight, adhesive properties are likely to be 
reduced. 

Furthermore, standard additives, for example, tackifiers antioxidants, colorants, fillers 
such as petroleum resins, terpene resins, coumarone-indene resins, and phenol resins can be 
included in the acrylic pressure-sensitive adhesive composition of the present invention. 

The acrylic pressure-sensitive adhesive of the present invention is produced by mixing an 
aziridine compound with the above-mentioned acrylic resin. For example, the above-mentioned 
aziridine compound is added to a solution with the above-mentioned acrylic resin dissolved in it, 
or a reaction solution produced by polymerization of the above-mentioned acrylic resin. The 
aziridine compound acts as a crosslinking agent and crosslinking is carried out for the above- 
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mentioned acrylic resin. As a result, the cohesion of the pressure-sensitive adhesive produced 
increased. Thus, excellent adhesive properties such as tenacity, cohesion and tack can be 
achieved in labels, sheets and tapes produced from the above-mentioned adhesive, as well as 
excellent hot water resistance and wet heat resistance. 



[Application Examples] 

The present invention is explained below in further detail with application examples. 

In application examples, parts refers to parts by weight, and parts in the table is parts by 
weight for 1 00 parts by weight of the resin. 

Application Examples 1-4 
Composition of acrylic resin 

n-butyl acrylate 50 parts 

2-ethyl hexyl acrylate 40 parts 

Vinyl acetate 5 parts 

Acrylic acid 5 parts 

73 parts of ethy l acetate and each of the above-mentioned substances were charged to a 
reactor equipped with a condenser tube, and the temperature was increased, and refluxing was 
carried out for 10 minutes and purging of oxygen was done. Subsequently, benzoyl peroxide 
diluted with an ethyl acetate solution (0.5 parts/3.7 parts) was added dropwise, and a reaction 
was carried out under reflux for 5 hours; then, benzoyl peroxide diluted with an ethyl acetate 
solution (0.3 parts/3 parts) was added dropwise, and aging was carried out for 2 hours. The solid 
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parts of the resin solution produced as described above was 49.5%, and the viscosity was 20,000 
cps. 

The above resin solution was mixed with the aziridine compound shown in Table I and 
production of an acrylic pressure-sensitive adhesive solution was achieved. The acrylic pressure- 
sensitive adhesive solution was coated onto a polyester film with a thickness of 25 urn to form a 
thickness of 25 urn after coating, drying was then done at a temperature of 1 10°C for 4 minutes 
and a tape was produced. 

[p.4] 

The resulting pressure-sensitive adhesive tape was stored at a temperature of 40°C for 24 
hours and tests were made according to the methods described below. And the results are shown 
in Table I below. 

Adhesion: According to the specification of JIS Z0237, a tape with a width of 1 5 mm is 
bonded to SUS-304, and the 1 80° peel strength was measured after 20 minutes. The pull rate is 
300 mm/min. 

Tenacity: According to the specification of JIS Z0237, 20 x 20 mm of tape is applied to 
SUS-304, placed in a constant air chamber kept at 40°C and 1 kg load is applied. Shearing of the 
tape after 1 hour (or drop time) was measured. 

Ball tack value: The measurement was made according to the J. Dow method (20°C), and 
shown in terms of x/32 inch. 

Hot water resistance: Measured according to the specification of JIS Z0237; a 20 x 20 
mm tape is applied to SUS-304, after 20 minutes, the sample is immersed in tap water at 60°C 
and left overnight. The sample is then dried and placed in a constant air chamber kept at 40°C 
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and the tenacity is measured according to the above-mentioned method. 

Wet heat resistance: The tape is stored under 80°C and 95% RH for 1 week. 
Subsequently, the tenacity is measured according to the method described above. 

The abbreviations in Table I and Table II below and the aziridine compounds they 
represent are listed below. 

HDU: N,N'-hexamethylene-l,6-bis(l -aziridine carboxy amide) 
MDEI: N,N'-diphenyl methane-4,4'-bis(l -aziridine carboxy amide) 
TEM: Triethylene amine 
BIA: Bisisophthaloyl- 1 -(2-methylaziridine) 
TAZM: Trimethylol propane-tri-3-aziridine propionate 
TAZO: Trimethylol methane-P-azilidinyl propionate 
TAP: Trimethylol propane-tri-P-(2-methylaziridine) propionate 
Comparative Examples 1 -4 

The aziridine compounds listed in Table I were used and treatments were carried out as in 
the case of Application Examples 1-4. 

Application Examples 5-8 

Composition of acrylic resin 

Ethyl acrylate 10 parts 

2-ethylhexyI acrylate 80 parts 

Vinyl acetate 5 parts 

Itaconic acid 5 parts 



KOKAI PATENT APPLICATION NO. HEI 3-281586 



The composition of the acrylic resin was changed as shown above, and toluene was not 
added and production of resin solution with a solid parts of 50.0% and viscosity of 20,000 cps 
was produced as in Application Example 1 . 

The above-mentioned resin solution and aziridine compounds listed in Table II were used 
and acrylic pressure-sensitive adhesive solutions were prepared. Furthermore, tapes were 
produced as in Application Example 1 with the acrylic pressure-sensitive adhesive solutions, and 
the properties of the resulting tapes were measured. The results obtained are shown in Table II. 

Comparative Examples 5 and 6 

The aziridine compounds listed in Table II were used and treatment was done as in 
Application Examples 5 and 6. 



-12- 



KOKAI PATENT APPLICATION NO. HEI 3-281586 

(Blank below) 



Table I 





Aziri 
comp 


dine 
ound 


Properties 


Name 


Parts 


Adhesive properties 


Hot water 
resistance 
(mm) 


Wet heat 
resistance 
(mm) 






SP 
cohesion 
(g/15mm) 


Tenacity 
(mm) 


Ball tack 




Application 
Examples 


1 


HDU 


0.05 


900 


0.3 


17 


0.3 


0.3 


2 


HDU 


0.5 


400 


0.1 


15 


0.1 


0.0 


3 


WIDE I 


0.2 


700 


0.3 


17 


0.2 


0.2 


4 


TEM 


0.2 


600 


0.2 


15 


0.1 


0.1 


Comparative 
Examples 


1 


TAZM 


0.1 


800 


0.2 


17 


Peeled after 
1 minute 


Peeled after 
1 minute 


2 


TAZM 


i.O 


400 


0.0 


14 


Peeled after 
1 minute 


Peeled after 
1 minute 


3 


TAZO 


0.2 


700 


0.1 


16 


Peeled after 
1 minute 


Peeled after 
1 minute 


4 


TAP 


0.2 


800 


0.3 


15 


Peeled after 
1 minute 


Peeled after 
1 minute 



[P-5] 
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Table II 





Azir 
com | 


idine 
jound 


Properties 


Name 


Parts 


Adhesive properties 


Hot water 
resistance 
(mm) 


Wet heat 

resistance 

(mm) 






SP 
cohesion 
(g/15 mm) 


Tenacity 
(mm) 


Ball tack 




Application 
Examples 


5 


HDU 


0.05 


1100 


0.3 


17 


0.2 


0.3 


6 


HDU 


0.3 


800 


0.1 


15 


0.1 


0.1 


7 


MDEI 


0.1 


1000 


0.2 


15 


0.2 


0.1 


8 


BIA 


0.3 


700 


0.2 


15 


0.2 


0.2 


Comparative 
Examples 


5 


TAZM 


0.1 


1000 


0.2 


17 


Peeled after 
1 minute 


Peeled after 
1 minute 


6 


TAZO 


0.2 


800 


0.1 


17 


Peeled after 
1 minute 


Peeled after 
1 minute 



(Effect of Invention) 

As described above, according to the present invention, an acrylic pressure-sensitive 
adhesive composition capable of producing a pressure^sensitive adhesive having excellent 
adhesive properties as well as hot water resistance and wet heat resistance can be produced. The 
pressure-sensitive adhesive produced by the present invention can be widely used as an acrylic 
pressure-sensitive adhesive composition suitable for labels, tapes, and sheets. 

The end 

Applicant: Sekisui Chemical Ind., Ltd. 
Agent: Kaoru Torata 
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